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Presentation OutlinePresentation Outline

• Project Objectives and Site Locations

• Statistical Tools

• Case Histories

• Summary and Conclusions
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Project Description and ObjectivesProject Description and Objectives

• Assess the degree to which various types of 
engineered source-reduction efforts at selected 
fuel-contaminated sites have resulted in 
decreasing concentrations of fuel constituents 
dissolved in groundwater; and
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Project Description and ObjectivesProject Description and Objectives

• Describe a methodology for evaluating the 
potential effectiveness of source-reduction 
actions at reducing the magnitude and extent of 
dissolved fuel constituents
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Statistical ToolsStatistical Tools

• Mann-Kendall Test for Trend
– nonparametric
– non-detects can be used
– requires only small sample sizes

• Sen’s Nonparametric Estimator of Slope
– not greatly affected by outliers
– magnitude of slope is indicator of rate of change
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BTEX Concentrations in Groundwater BTEX Concentrations in Groundwater 
and Soiland Soil
Site FTSite FT--03 03 -- Westover AFB, MAWestover AFB, MA

TF-5 (130 feet 
d/g)

TA-2A (Source Area)

TF-11 (270 feet 
d/g)

Note: The TA-2A January and February 
1987 BTEX data likely are biased low 
because xylenes data were not available.
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Statistical Summary for BTEXStatistical Summary for BTEX
Site FTSite FT--03 03 -- Westover AFB, MAWestover AFB, MA

Source

130 feet d/g

270 feet d/g

-1

1

3

-6

0

-1

-520

46

25

-323

0

-0.4

1,657 
(0.0 yr)

124 
(0.0 yr)

77 
(0.0 yr)

PrePre--
RemedRemed

MKMK

PostPost--
RemedRemed

MKMK

PrePre--
RemedRemed
SlopeSlope

PostPost--
RemedRemed
SlopeSlope

WellWell
LocationLocation

PrePre--
RemedRemed
BTEXBTEX
µg/Lµg/L

4.9 4.9 
(3.7(3.7 yryr))

6 6 
(3.7(3.7 yryr))

<6<6
(3.7(3.7 yryr))

MostMost
recentrecent
BTEXBTEX
µg/Lµg/L



sourcereduction.ppt nap 1/00

Soil BTEX Concentrations, 4’Soil BTEX Concentrations, 4’--6’ BGS6’ BGS
Site STSite ST--27, Charleston AFB, SC27, Charleston AFB, SC
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BTEX in Groundwater, 1995BTEX in Groundwater, 1995
Site STSite ST--27, Charleston AFB, SC27, Charleston AFB, SC
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Site STSite ST--27 27 -- Charleston AFB, SCCharleston AFB, SC

BTEX Concentrations in GroundwaterBTEX Concentrations in Groundwater
and Soiland Soil
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Naphthalene Concentrations in Naphthalene Concentrations in 
GroundwaterGroundwater
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Source
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MOGAS Site MOGAS Site -- Myrtle Beach AFB, SCMyrtle Beach AFB, SC
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MOGAS Site MOGAS Site -- Myrtle Beach AFB, SCMyrtle Beach AFB, SC
AirAir SpargingSparging System LayoutSystem Layout
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Benzene in GroundwaterBenzene in Groundwater
MOGAS Site MOGAS Site -- Myrtle Beach AFB, SCMyrtle Beach AFB, SC
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BTEX Concentrations in GroundwaterBTEX Concentrations in Groundwater
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Area A Service Station Area A Service Station -- Tinker AFB, OKTinker AFB, OK
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BTEX Concentrations in GroundwaterBTEX Concentrations in Groundwater
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Naphthalene Concentrations in Naphthalene Concentrations in 
GroundwaterGroundwater

Area A Service Station Area A Service Station -- Tinker AFB, OKTinker AFB, OK

1

10

100

1,000

10,000

100,000

Dec-90 Dec-91 Dec-92 Dec-93 Dec-94 Dec-95 Dec-96 Dec-97 Dec-98 Dec-99
Date

N
ap

ht
ha

le
ne

 C
on

ce
nt

ra
tio

n
s 

in
 G

ro
un

dw
at

er
 (µ

g/
L)

MW2-003 (Source Area)

MW2-004 (Source Area)

Va
cu

um
-E

nh
an

ce
d 

Ex
tr

ac
tio

n 
O

n

MW2-002 (Source Area)

Va
cu

um
-E

nh
an

ce
d 

Ex
tr

ac
tio

n 
O

ff



sourcereduction.ppt nap 1/00

Source
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Summary and ConclusionsSummary and Conclusions

• Careful site characterization prior to selection of 
remedial method

• Borehole advancement below the water table

• Assessment of smear zone thickness



sourcereduction.ppt nap 1/00

BioventingBioventing and SVEand SVE

• Primary factor = smear zone presence

• Smear zone persistence = plume persistence

• Mounding of water table at SVE sites

• Charleston AFB Site ST-27--less effective
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BiospargingBiosparging

• Potential for smear zone remediation

• Sandy, homogeneous soils

• Rapid decreases of dissolved BTEX with depth

• Well spacing <= 20 feet

• Myrtle Beach AFB - rate increase of 101-586%
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VacuumVacuum--Enhanced ExtractionEnhanced Extraction

• Aggressive method

• Thin saturated zones

• Low- to moderate-permeability soils

• Presence of free product
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VacuumVacuum--Enhanced ExtractionEnhanced Extraction

• Dewatering of smear zone

• Tinker AFB Area A success

• 130 to 439 % increase in BTEX removal rates
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ExcavationExcavation

• Effectiveness on dissolved contamination 
function of thoroughness of excavation

• Excavation below the water table can be 
problematic

• Mixed success at Travis AFB N & S Gas 
Stations
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Additional Fuel CompoundsAdditional Fuel Compounds

• Naphthalene

• MTBE
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NaphthaleneNaphthalene

• Source reduction less effective

• Charleston AFB
– increasing concentrations following SVE/Bioventing

• Eglin and Myrtle Beach AFBs
– 75 to 99 % slower than BTEX reductions
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NaphthaleneNaphthalene

• Lower volatility

• More recalcitrant to biodegradation

• Higher degree of sorption

• More success at Tinker AFB Area A
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MTBEMTBE

• Travis AFB
– 54 to 95 % slower than BTEX reductions

• Vadose zone source removal less likely to 
cause rapid reductions in dissolved 
concentrations

• Can be relatively recalcitrant

• Quickly leaches from soil
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Methodology for Selecting an Engineered Methodology for Selecting an Engineered 
Source Reduction TechniqueSource Reduction Technique
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Methodology for Selecting an Engineered Methodology for Selecting an Engineered 
Source Reduction TechniqueSource Reduction Technique
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